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(54) METHOD AND APPARATUS FOR REMOVING RESIST 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and an apparatus 
for removing resist from a substrate at a high speed, by using 
ozone which environmentally friendly. 

SOLUTION: An ozone-feeding means (ozone gas treatment step) 
for applying an ozone gas to resist of a substrate, an ultraviolet- 
ray irradiation means (ultraviolet-ray treatment step) for irradiating 
the ultraviolet rays to the resist of the substrate, and an alkaline 
solution feeding means (alkaline solution treatment step) for 
applying the alkaline solution to the resist are provided. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 

2:*^^^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ozone gassing process which ozone gas is contacted to the resist of a substrate and 
decomposes the component of said resist in the removal approach of the resist given to the substrate. The 
resist removal approach of the substrate characterized by including ultraviolet-rays down stream 
processing which irradiates ultraviolet rays at the resist of said substrate, and makes the component of 
said resist meltable at an alkali water solution, and alkali water-solution down stream processing which 
gives and removes an alkali water solution to said resist. 

[Claim 2] Ozone gas is the resist removal approach of the substrate according to claim 1 characterized by 
being humid ozone content gas accompanied by humidity. 

[Claim 3] An alkali water solution is the resist removal approach of the substrate according to claim 1 or 2 
characterized by being a tetramethylammonium hydroxide water solution. 

[Claim 4] A resist is the resist removal approach of a substrate given in any of claim 1 characterized by 
being the positive resist which becomes meltable in an alkali water solution by exposure of ultraviolet rays, 
an electron ray, an X-ray, an ion beam. etc. thru/or claim 3 they are. 

[Claim 5] The resist stripper characterized by having an ozone gas supply means to give ozone gas to the 
resist of a substrate, a UV irradiation means to irradiate ultraviolet rays at the resist of said substrate, and 
an alkali water-solution supply means to give an alkali water solution to said resist. 

[Claim 6] An ozone gas supply means is a resist stripper according to claim 5 characterized by having the 
humid-ized means which is beforehand accompanied for the ozone gas supplied by humidity, and which 
carries out humid ozone content gasification. 

[Claim 7] An alkali water-solution supply means is a resist stripper according to claim 5 or 6 characterized 
by supplying a tetramethylammonium hydroxide water solution. 

[Claim 8] A resist is a resist stripper given in any of claim 5 characterized by being the positive resist 
which becomes meltable in an alkali water solution by exposure by ultraviolet rays, the electron ray, the X- 
ray. an ion beam, etc. thru/or claim 7 they are. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach and equipment from which the resist of a 
substrate is removed in the production process of micro processing, such as a semi-conductor 
represented by IC, LSI, etc., LCD, and a printed circuit board. 
[0002] 

[Description of the Prior Art] In the production process of micro processing in the semiconductor device 
represented by the conventional IC, LSI, etc. First, various membrane formation by CVD, sputtering, etc. is 
performed to substrates, such as silicon. Then, a photosensitive organic high molecular compound 
(henceforth a resist) is applied. Negatives are developed with an alkali water solution or a drug solution 
after exposure through the mask in which the necessary circuit pattern was formed, by ultraviolet rays with 
specific wavelength, the electron ray, the X-ray, an ion beam, etc., and a resist pattern is formed on a 
substrate. Furthermore, diffusion, an ion implantation, etc. of wet etching, the dry etching by RIE (reactive 
ion etching), and an impurity element by the drug solution are performed. And in the last phase, the resist 
on the substrate which a series of above processings ended is removed. Generally, in production 
processes, such as LSI, a series of actuation of the above membrane formation, resist spreading, various 
kinds of processings, and subsequent resist removal is usually mostly repeated only for the number of 
mask number of sheets dozens times. 

[0003] Moreover, a circuit is formed in a glass substrate of the technique as the above-mentioned semi- 
conductor production process also with the almost same LCD production process, however, there are 
[ that substrate size is large in a LCD production process as compared with a semi-conductor production 
process, that the line breadth of a circuit is thick, that there is little mask number of sheets (there are few 
counts of processing), and ] few classes of processing (for example, there is no ion implantation) — a 
different field also has things etc. 

[0004] Since it has a bad influence on a subsequent process as resist removal is imperfect although 
various kinds of approaches are adopted in order to remove the resist of a substrate, it is indispensable to 
remove a resist completely. Especially, the degree of integration of a circuit increases like recently, and if 
the line breadth of the circuit formed becomes thin, the effect of a resist residue will pose a big problem as 
compared with the case where a degree of integration is low. For this reason, removing a resist completely 
from on a substrate is called for, and it is usually performed by the dry process which uses the wet method 
by the drug solution, or the oxygen plasma. 

[0005] In the resist removal approach by wet, in the semi-conductor field, in order to usually use the 

sulfuric acid with high concentration and to heighten the oxidation capacity of a sulfuric acid further, mixing 

a hydrogen peroxide is performed. Moreover, in the LCD field, since the substrate size to be used is large, 

with dry process, the resist removal homogeneity on a substrate is not acquired, but the wet method is 

performed at a rate which is about 100%. Specifically, the resist processing solution "106 

Solvent" (dimethyl sulfoxide/monoethanolamine = 30% / 70%) of dedication is used by most manufacturers. 

However, this "106 Solvent" has been hundreds of yen more than/a liter and the expensive technical 

problem that its cost reduction and environmental load reduction based on that effluent are big since there 

is also much that amount used, two or more number 100 cc/m per one process, and. 

[0006] On the other hand, drug solutions, such as permanganic acid, are used in removal of the organic 
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substance (smear) of a printed circuit board. In order for these drug solutions to remove a resist and the 
affix which is not desirable and to remove the affix of the drug solution which remains, or others after that, 
washing in ultrapure water etc. is performed widely. However, also in which the above-mentioned approach, 
it is expensive and it necessary to use the large drug solution of an environmental load in large quantities. 
[0007] Now. ozone has strong oxidizing power, and since it decomposes and after a reaction returns to 
oxygen again, it does not have a residual property and has the features of being environment-friendly. 
Moreover, it is also checked that there is effectiveness which washes a substrate. The method of removing 
the affix which is not desirable as for the organic substance etc., using this ozone gas as the resist removal 
approach of an environment-friendly substrate is proposed until now. 

[0008] For example, in JP,11-219926,A, the method of removing an organic contamination from a semi- 
conductor substrate is indicated with the gaseous mixture which consists of matter which works as a 
steam, ozone gas, and an OH radical scavenger. In the process using the conventional ozone and the water 
before this indication, if substrate temperature is raised for the improvement in a resist removal rate, by 
the pyrosphere, the solubility of the ozone in the mixolimnion of the water and ozone which were formed on 
the substrate front face will be regulated, and a removal rate will fall. 

[0009] However, as shown in drawing 6 , it is constituted from the equipment by the approach of this 
official report by the ozone diffuser 102 located in the bottom of the quartz tank 101 into which a liquid is 
put, and the quartz tank 101 concerned. A life can make it easy to be able to make thin the mixolimnion on 
processed substrate 103 front face, and to arrive short **** and a reactant high ozone component at a 
wafer front face by making the ozone diffused in the liquid act on the processed substrate 103 installed 
above the quartz tank 101. 

[0010] Moreover, in JP.5-152270,A, the method of making the ozone content gas which passed the inside 
of processing liquid act on the processed material on the front face of a substrate is indicated. As the 
equipment by the approach of this official report is shown in drawing 7 , the processing room 11 0 It 
consists of the substrate installation base 1 1 1 in which a substrate 1 12 is laid, a gas distributor 1 18, a hole 
119, and supply nozzle 121 grade. Further in the processing room 110 The ozonolysis equipment 120 which 
decomposes ozone through an exhaust pipe 113, the oxygen tank 115 equipped through the ozone content 
gas supply pipe 117, and the ozone generator 114 and gas contactor 116 grade are installed. 
[001 1] An organic substance coat can be removed with this equipment, without a substrate front face's 
getting wet gradually by this ozone, forming the thin film of water in a substrate front face, and heating a 
substrate, if an ozone content gas is introduced into processing substrate 112 front face after letting for 
example, the inside of ultrapure water pass for an ozone content gas. 

[001 2] In addition, a large number [ the proposal about the resist removal using ozone / JP,2000-077387 A 
JP,2000-058496A JP.11-295905A JP.l 1-165136,A. JP.10-199857A etc. ]. 

[001 3] Moreover, the method of removing a resist is indicated by Kogyo Chosakai Publishing Co., Ltd. and 
the 137-1 48th page of "the electronic ingredient and the 1981 separate volume" of November 10, Showa 
56 issue using ozone gas and ultraviolet rays, for example. In this publication, the active oxygen dissociated 
by the excitation reaction of the ozone gas obtained by oxygen gas by irradiating the wavelength of 1 84nm 
and 254nm ultraviolet rays as a removal device of a resist is explained to oxidize and to decompose a 
resist into the volatile low-molecular one of C02, H20, and N2 grade. Moreover, in JP.1-233728,A, after 
generating ozone beforehand, activating ozone is indicated by irradiating the wavelength of 1 84nm, and 
254nm ultraviolet rays at this. 

[0014] In addition, there are the following as a proposal which removes a resist without using ozone. First, 
by JP.l 1-1 7681 2,A. after disassembling the component of the resist by irradiating light at a resist, ashing 
processing is performed and the method of aiming at improvement in a throughput is indicated. The resist 
of polymethylmethacrylate or a polyvinyl alcohol system is mentioned as a resist in this case. After an 
optical exposure performs principal chain cutting of a resist, a resist removal rate can be raised by carrying 
out ashing processing. Next, in JP.2000-206707.A. the approach and equipment which dissolve a resist with 
a developer and are removed are indicated after exposing to a resist. 
[0015] 

[Problem(s) to be Solved by the Invention] By the resist removal approach of the substrate currently 
indicated by above-mentioned JP.l 1-21 9926.A and above-mentioned JP.5-152270A since the thin thin 
film of ozonization liquid is formed in a substrate front face and diffusion of ozone is no longer barred, it is 
indicated that a resist is removable at high speed. However, even if it uses these technique, as compared 



, JP.2002-231696.A [DETAILED DESCRIPTION] 



3/^2^—i> 



with the resist removal process by the drug solution using a sulfuric acid or the resist processing solutions 
(106 solvents etc.) of dedication, there is a problem that a resist removal rate is very slow at about 1/5. 
[001 6] Moreover, although ozone tends to be activated and it is going to raise a resist removal rate by the 
approach currently indicated by JR. 1-233728^ by irradiating at ozone that whose wavelength is 184nm 
and 254nm as ultraviolet rays, although a resist removal rate improves slightly, if it compares with the thing 
using a drug solution, in a low-temperature process 100 degrees C or less, it is very late. 
[0017] Moreover, by the resist removal approach of the substrate currently indicated by JP,1 1-176812A 
since the resist is limited to the resist of the type which carries out principal chain cutting by the optical 
exposure of polymethylmethacrylate or a polyvinyl alcohol system, even if it applies to the novolak system 
positive resist (cresol system novolak resin + naphthoquinonediazide) which is a resist usually used, a 
resist removal rate does not improve. In the LCD manufacture field, since the novolak system positive 
resist is used about 100%, application in this field is especially difficult. 

[0018] Moreover, although it is the approach of carrying out resist removal after exposing a resist using a 
developer by the resist removal approach of the substrate currently indicated by JP.2000-206707A If the 
resist goes via the dry etching process and the diffusion process of an impurity element by RIE etc.. an ion 
grouting degree, etc.. since the resist is constructing the bridge as compared with the resist from the first 
(novolak resin is macromolecule quantification). The rate will become very slow, even if it becomes difficult 
to remove a resist and it is able to remove. 

[0019] This invention was made in order to solve many problems of the above Prior arts, and it aims at 
offer of the approach and equipment from which the resist of a substrate is removable at high speed using 
environment-friendly ozone. Moreover, by the resist removal approach using the alkali water solution after 
UV irradiation, this invention aims at offer of the approach and equipment from which it can respond to the 
resist which went via all processes, and a resist can be removed at a high speed to the trouble of being 
inapplicable to the resist which went via dry etching or a hot BEKU process. 
[0020] 

[Means for Solving the Problem] The ozone gassing process which invention of claim 1 contacts ozone gas 
to the resist of a substrate in the removal approach of the resist given to the substrate, and decomposes 
the component of said resist. It is characterized by including ultraviolet-rays down stream processing 
which irradiates ultraviolet rays at the resist of said substrate, and makes the component of said resist 
meltable at an alkali water solution, and alkali water-solution down stream processing which gives and 
removes an alkali water solution to said resist. 

[0021] Invention of claim 2 is characterized by ozone gas being humid ozone content gas accompanied by 
humidity in the resist removal approach of a substrate according to claim 1. 

[0022] Invention of claim 3 is characterized by an alkali water solution being a tetramethylammonium 

hydroxide water solution in the resist removal approach of a substrate according to claim 1 or 2. 

[0023] Invention of claim 4 is characterized by a resist being a positive resist which becomes meltable by 

the exposure of ultraviolet rays, an electron ray. an X-ray, an ion beam, etc. at an alkali water solution in 

the resist removal approach of a substrate given in any of claim 1 thru/or claim 3 they are. 

[0024] Invention of the resist stripper of claim 5 is characterized by having an ozone gas supply means to 

give ozone gas to the resist of a substrate, a UV irradiation means to irradiate ultraviolet rays at the resist 

of said substrate, and an alkali water-solution supply means to give an alkali water solution to said resist. 

[0025] It is characterized by invention of claim 6 having the humid-ized means which is beforehand 

accompanied for the ozone gas by which an ozone gas supply means is supplied by humidity in a resist 

stripper according to claim 5 and which carries out humid ozone content gasification. 

[0026] Invention of claim 7 is characterized by an alkali water-solution supply means supplying a 

tetramethylammonium hydroxide water solution in a resist stripper according to claim 5 or 6. 

[0027] Invention of claim 8 is characterized by a resist being a positive resist which becomes meltable by 

the exposure of ultraviolet rays, an electron ray, an X-ray, an ion beam, etc. at an alkali water solution in a 

resist stripper given in any of claim 5 thru/or claim 7 they are. 

[0028] 

[Embodiment of the Invention] The resist stripper of the gestalt 1 of gestalt 1. implementation of operation 
is equipment considered as the configuration which has an ozone gas supply means to give ozone gas to 
the resist of a substrate, a UV irradiation means to irradiate ultraviolet rays at the resist of said substrate, 
and an alkali water-solution supply means to give an alkali water solution to said resist. Hereafter, this is 
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explained based on drawin g 1 thru/or drawin g 4 . The conceptual diagram in which drawin g 1 shows the 
configuration of a resist stripper, the conceptual diagram in which drawing 2 shows the configuration of a 
humid-ized means, the front view in which drawing 3 shows arrangement of a UV irradiation means, and 
drawing 4 are the side elevations of a black light. 

[0029] In drawing 1 , the sign 1 in drawing is the processing room prepared in the resist stripper, and resist 
removal processing of a substrate 2 is performed at this processing room 1. The substrate 2 with which 
the resist was given is fixed on the substrate base 3 installed in this processing room 1. With this gestalt 1, 
a substrate 2 is fixed on the monotonous heater 4 as a heating means established on the pedestal 3 
concerned. The resist of a substrate 2 is heated by necessary temperature at this monotonous heater 4 at 
the temperature for example, beyond a room temperature if needed. Hereafter, this process is called 
heating down stream processing. In addition, when necessary temperature required for processing is 
chosen by the supply or UV irradiation of ozone gas mentioned later, this heating means and heating down 
stream processing become unnecessary by it. 

[0030] Next, an ozone gas supply means is explained. An ozone gas supply means is a means given so that 
ozone gas may be contacted to the resist of the substrate 2 used as a processing object. Hereafter, this 
process is called ozone gassing process. That body is arranged outside the processing room 1 , the ozone 
gas supply means of this gestalt 1 controls the flow of ozone gas, and the header 5 supplied so that ozone 
gas may be contacted to homogeneity to the resist of a substrate 2 is arranged so that it may be located 
above the substrate 2 fixed to the pedestal 3 in the processing room 1. From the above-mentioned header 
5. the ozone content gas (henceforth ozone gas) which contained ozone to the resist of a substrate 2 is 
sprayed. Hereafter, this process is called ozone gassing process. 

[0031] The ozone gas sprayed from this header 5 is accompanied by the proper humidity by which the 
steam was added and made humid with the below-mentioned humid-ized means 7. In drawing 2 , the 
humidifier as a humid-ized means 7 is equipped with the heater 15 for using the thing of a configuration of 
carrying out aeration of the ozone gas into the processing liquid 16 put into the bubbling bottle 17, and 
heating processing liquid 16 in the example of illustration beyond a room temperature, and is constituted in 
one with the ozone generation-of-gas means. 

[0032] In drawing 1 . again an ozone gas supply means out of the processing room 1 outside the humid- 
ized means 7 established outside the above-mentioned header 5 prepared in the processing room 1, or the 
processing room 1 In order to prevent condensation of the steam within airpipe 8b as a supply way 8 which 
leads the ozone gas generator 6 and the humidified ozone gas to the header 5 in the processing room 1, 
airpipe 8c. these airpipe 8b, and 8c, it has the ribbon heater 9 grade with which the airpipes 8b and 8c 
concerned were equipped. In addition, the above-mentioned airpipe 8 is 6mm in bore. Moreover, the flow 
rate of ozone gas is suitably adjusted by the massflow controller etc. (un-tllustrating). 
[0033] moreover, a bulb for an exhaust pipe for the sign 1 2 in drawing to exhaust ozone gas from the 
processing room 1 and 13 to adjust the displacement of ozone gas and the ozonolysis by which 14 was 
prepared in the latter part of an exhaust pipe 12 — it is a column 14 and residual ozone gas is decomposed 
completely — having — as oxygen gas — this ozonolysis — it is discharged from a column 14. Moreover, 
it is good for the part exposed to ozone gas to constitute in the configuration member of this whole resist 
stripper using a high ingredient, for example, the quartz glass, a fluororesin, etc. of ozone resistance. 
[0034] Next, a UV irradiation means is explained in dr awing 3 and drawin g 4 . A UV irradiation means is a 
means which irradiates ultraviolet rays at the resist of a substrate 2, and makes the component of said 
resist meltable at an alkali water solution. Hereafter, this process is called ultraviolet-rays down stream 
processing. With this gestalt 1, it has the black light as 1 equipment which constitutes a resist stripper, and 
the ultraviolet ray lamp 20 as a UV irradiation means is arranged inside this equipment. UV irradiation while 
heating a substrate 2, and heating after UV irradiation are also possible. Of course, what is necessary is 
just to use not only an ultraviolet ray lamp 20 such but a proper ultraviolet-rays launcher as a UV 
irradiation means. In addition, it is good also as a configuration which arranged the ultraviolet ray lamp 20 
as a UV irradiation nieans in the resist stripper so that the gestalt 2 of the below-mentioned operation may 
explain. 

[0035] Next, an alkali water-solution processing means is explained. An alkali water-solution processing 
means is a means to give an alkali water solution to the resist of the substrate 2 processed through an 
above-mentioned ozone gassing process and above-mentioned ultraviolet-rays down stream processing, 
and to remove this. Hereafter, this process is called alkali water-solution down stream processing- The 
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alkali water-solution processing means of this gestalt 1 is equipped with the alkali water-solution tank 18 
and the pump 19 which sends out an alkali water solution like illustration, and is constituted in one with the 
ozone gas supply means. 

[0036] Next, a washing means is explained. A washing means is a means to rinse the alkali water solution 
given to the resist of a substrate 2 by alkali water-solution down stream processing. Hereafter, this 
process is called washing means. With this gestalt 1 , as shown in drawing 1 , it has the pump 1 1 for sending 
the demineralised water tank 10 and wash water for washing a substrate 2. 

[0037] Next, the resist removal approach (down stream processing) of a substrate is explained in full detail. 
First, the resist of a substrate 2 is heated to necessary temperature at the monotonous heater 4 as a 
heating means (heating down stream processing). In addition, in this process, airpipe 8b, airpipe 8c, and the 
header 5 grade which constitute processing liquid 16 and the ozone gas supply means of a humidifier as a 
humid-ized means 7 are heated beforehand, and necessary temperature is stabilized. 
[0038] Next, after the resist of a substrate 2 is stabilized to necessary temperature by the above- 
mentioned heating down stream processing, the ozone gas to which humidity was made to accompany is 
sprayed on the resist of a substrate 2 from the header 5 of an ozone gas supply means (ozone gassing 
process). Herei the humidity of ozone gas has the amount of [ in the temperature of processing liquid 16 ] 
optimal saturated steam, and it is controlled by changing the temperature of processing liquid 16, the 
amount of steams, i.e., the humidity, made to accompany to ozone gas. And when a duration contacts 
ozone gas to the resist of a substrate 2, it waits to decompose the component of a resist and supply of 
ozone gas is suspended. 

[0039] Next, a substrate 2 is taken out from the processing room 1 , and it moves to a black light ( drawing 
3 . draw ing 4 ), and ultraviolet rays are irradiated until the component of a duration, i.e., the resist of a 
substrate 2, becomes meltable in an alkali water solution with the ultraviolet ray lamp 20 as a UV irradiation 
means which can also be heated to a substrate 2 in the equipment concerned (ultraviolet-rays down 
stream processing). The substrate 2 which finished this ultraviolet-rays down stream processing is again 
returned to the processing room 1. 

[0040] Next, an alkali water solution is given to the substrate 2 which was returned to the processing room 
1 and fixed on the monotonous heater 4 in a pedestal 2 and this example, and the resist of a substrate 2 is 
removed to it (alkali water-solution processing means). That is. it waits for the fixed passage of time, after 
operating the pump 19 of an alkali water-solution supply means and applying requirements to the resist of 
a substrate 2 for an alkali water solution through liquid-sending tubing 8a fr-om the alkali water^solution 
tank 18. 

[0041] next, the pump 1 1 which constitutes a washing means is operated — making — a demineralised 
water tank 10 to pure water — supplying — substrate 2 fi'ont face — washing — that is, a rinse is carried 
out (washing down stream processing). 

[0042] Finally, with the nitrogen gas transfer unit (un-illustrating) as a desiccation means, nitrogen gas is 
supplied in the processing room 1 . and the front face of the substrate 2 concerned is fully dried 
(desiccation down stream processing). 

[0043] The resist of a substrate 2 is removed through each above process. In addition, in down stream 
processing by the resist removal approach of this substrate 2, after performing an ozone gassing process 
previously, ultraviolet-rays down stream processing is performed, but after performing ultraviolet-rays 
down stream processing previously, an ozone gassing process may be performed. 

[0044] Next, a resist, ozone (ozone gas) and the reaction mechanism, a resist and ultraviolet rays, and the 
operation that is an alkali water solution further are explained in full detail. First, the reaction mechanism of 
a resist and ozone is explained. An end oxidizes and polymeric materials change to carboxylic-acid 
structure while the principal chain of a giant molecule is cut by ozone including a resist and they low- 
molecular-weight-ize. When it is going to carry out dissolution removal of the resist bywater. unless it 
makes it decompose to the condition of the low molecular weight of a certain extent and makes it change 
even to carboxylic-acid structure, dissolution removal cannot be carried out with water. Therefore, in the 
gestalt of this operation, when ultraviolet-rays down stream processing is not performed but only an ozone 
gassing process is performed temporarily, in order to take long duration to change even the molecule of 
this condition, a resist removal rate will become very slow. 

[0045] Next, the reaction mechanism of a resist and ultraviolet rays is explained. When a resist is the so- 
called novolak system positive resist, a resist consists of the mixture of novolak resin and a dissolution 
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inhibitor (naphthoquinonediazide). If ultraviolet rays are irradiated at this resist the naphthoquinonediazide 
of a dissolution inhibitor will change to an indene carboxylic acid immediately, and will become meltable 
[ the whole resist ] in an alkali water solution, in addition, the novolak resin which is more component 
contained in a resist — from the first — since — it is meltable in an alkali water solution. 
[0046] However, if water is used instead of an alkali water solution in this case, it will become impossible to 
dissolve and a resist cannot perform resist removal. This is based on that novolak resin from the first 
cannot be dissolved with water and the reason of two points the generated indene carboxylic acid cannot 
be dissolved because of a carboxylic acid with comparatively big molecular weight, either. 
[0047] If the wavelength of the ultraviolet rays irradiated is the structure which the dissolution inhibitor of 
a resist exposes and decomposes into g line, the high-pressure mercury lamp generated focusing on g line 
(436nm) will be used for it. On the other hand, if it is the structure which a resist exposes and decomposes 
into i line, the high-pressure mercury lamp generated focusing on i line (365nm) will be used. 
[0048] Next, the case where a resist is a resist for excimer laser is explained. Although most resists for 
excimer laser are chemistry magnification mold resists, the far ultraviolet rays KrF (248nm). ArF (193nm). 
and F2 (157nm) corresponding to the acid generator contained in each resist etc. are irradiated in this case 
at a resist By this exposure, an acid is generated from the acid generator of the component contained in a 
resist further, by heating a resist this acid diffuses the inside of the resist film, and the dissolution control 
radicals (tert-butoxycarbonyl radical etc.) of base resin are changed to an alkali water solution at a 
meltable phenolic group or a carboxylic-acid radical. Consequently, the insoluble resist changes to an alkali 
water solution from the first at a resist meltable in an alkali water solution. In addition, if water is used 
instead of an alkali water solution also in this case, it will not dissolve but a resist will become impossible 
[ resist removal ]. 

[0049] Next, like the gestalt 1 of this operation, even when an alkali water solution is used, the reason for 
performing not only ultraviolet rays (ultraviolet-rays down stream processing) but ozonization (ozone 
gassing process) to a resist is explained. In a detailed pattern production process, the resist which went via 
the diffusion and the ion-implantation process of dry etching or an impurity element by RIE exists in a 
resist Such a resist is compared with a resist from the first and since a resist constructs a bridge and 
hardens and base resin itself is carrying out giant-molecule quantification, even if some base resin changes 
with UV irradiation to the chemical structure (a carboxylic acid and phenol structure) dissolved in an alkali 
water solution, an alkali water solution does not dissolve it for the very big molecule as the whole, either. 
Therefore, it is required to cut the principal chain of base resin and to make molecular weight of a resist 
small according to an ozone gassing process, and it becomes meltable by this at an alkali water solution. 
[0050] Next, the gestalt 1 of this operation is explained based on a concrete example, 
an example 1 — an example 1 is explained first. Resist removal of the substrate after forming the contact 
hole (CH) process for taking the electric contact to metal wiring in the detailed pattern production process 
for LCD is performed. It can be said that this CH process has the hole of a hole as small as about 50 
micrometers, the area in which the resist remains on the substrate since it is not so numerous is very 
large, and the substrate is almost covered by the resist Moreover, the substrate of CH process goes via 
RIE of a chlorine system, or an about 150-degree C BEKU process, has constructed the bridge and 
deteriorated as a resist, and is one of the resists with the most difficult resist removal. 
[0051] As this resist, the novolak system positive resist is used by most, and used the novolak system 
positive resist also in this example. The initial thickness of a resist was 1.2 micrometers. The substrate of 
this CH process is divided into lOOmmxIOOmm magnitude, and the resist film was turned upward, was 
installed on the monotonous heater 4 in the processing room 1, and was made to heat to 70 degrees C in 
drawing 1 (heating down stream processing). 

[0052] On the other hand, after making airpipe 8b. airpipe 8c, and a header 5 heat beforehand to 90 

degrees C and 90 degrees C of each temperature being stabilized, they supplied the ozone gas (ozone 

level: 200g/Nm3) which was made to pass through the inside of the pure water heated at 90 degrees C, 

and was humidified with the humidifier (humid-ized means 7) at the rate of 3 L/min. The humidity of this 

ozone gas is adjusted so that it may become the saturated steam concentration in 90 degrees C, and it 

made this humid ozone gas act on a substrate 2 for 2 minutes (ozone gassing process). 

[0053] Next, the substrate 2 was taken out from the processing room 1 . it moved to the black light 

( drawing^ , drawing 4 ). and ultraviolet rays centering on g line (436nm) were irradiated with the ultraviolet 

ray lamp 20 (ultraviolet- rays down stream processing). In this case, in the case of a novolak system 
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positive resist like g line or i line resist, a resist is Deep to an ultraviolet ray lamp. It was made for a resist 
not to construct a bridge by attaching UV cut-off filter by the UV irradiation of the short wavelength 
generated in coincidence. Ultraviolet ray lamp reinforcement was 80 W/cm, by setting the distance of a 
lamp and a substrate 2 as 27cm, by making exposure reinforcement into 20 mW/cm2, is irradiating a 
substrate 2 for 5 seconds, and made the exposure to a resist 100 mJ/cm2. Moreover, as an amount of UV 
irradiation, resist sensibility is 50 mJ/cm2 and irradiated the amount of 2 double. 

[0054] Next, the substrate 2 which finished ultraviolet-rays down stream processing was again returned to 
the processing room 1, this was applied to the whole substrate 2 20 cc. using a tetramethylammonium 
hydroxide (TMAH) 2.38% water solution as an alkali water solution, and the substrate 2 was stood still for 1 
minute (alkali water-solution down stream processing). Next. 55-degree C pure water was supplied to the 
substrate 2 by the flow rate of 3 L/min (washing down stream processing). In this way, when the processed 
substrate 2 was observed with the optical microscope, the resist (film) was not able to remain on the 
substrate 2. but was able to remove the resist completely. 

[0055] After processing by the same technique as the above-mentioned example 1 to an example 2, next 
the above-mentioned CH substrate, the residual film thickness of the film of the resist on a substrate 2 
was measured by the sensing-pin type thickness gage. The initial thickness of a resist was 1.2 
micrometers. The amount of UV irradiation to a resist was made into 100 mJ/cm2. 20 cc and substrate 
quiescence time amount are fixed for the coverage of an alkali water solution in 1 minute, and the result 
when performing only the ozone processing time every 30 seconds in 3 minutes from 0 minute is shown in 
Table 1. 
[0056] 
[Table 1] 
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[0057] Till 1 .5 minutes, a part of resist remained and, henceforth [ 2 minute ], the ozone processing time 
has removed completely. It also turned out till 2 minutes that there are so many amounts of resist removal 
that the ozone processing time is long. When 20 cc and substrate quiescence time amount are carried out 
for the coverage of an alkali water solution in 1 minute about resist removal of CH substrate, it turns out 
that the ozone processing time is the 2-minute or more need. 

[0058] To an example 3, next the above-mentioned CH substrate, by the technique of the above- 
mentioned example 1 , the ozone processing time is fixed in 2 minutes, and the result of having performed 
resist removal for the coverage and substrate quiescence time amount of an alkali water solution in the 
parameter is shown in Table 2. In addition, the case where resist removal could be completely carried out 
with the whole substrate was made into x when a resist remained in some parts of O and a substrate. In 
about 1.2 micrometers, the amount of UV irradiation to a resist of the initial thickness of a resist is 100 
mJ/cm2. 
[0059] 
[Table 2] 
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[0060] An alkali water solution needs to apply the 20 cc of the whole substrate to a wrap sake at worst. 
Moreover, the more substrate quiescence time amount excels, the more a resist is easy to be removed. 
However, since he wanted to shorten substrate quiescence time amount as much as possible on 
production, as coverage of an alkali water solution, it considered as for 1 minute as 20 cc and substrate 
quiescence time amount after that. 

[0061] Four kinds of substrates processed at a different process were evaluated in examples 4-7, next the 
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detailed pattern production process for LCD. The result of having removed the resist in the alkali water 
solution is shown in Table 3 at the resist on a substrate after the ozone + (ultraviolet-rays UV) processing 
(an ozone gassing process and ultraviolet-rays down stream processing). The ozone processing time was 
performed in the parameter and it experimented by changing the ozone processing time on a total of 1 1 
conditions of a for [ 5 minutes ] every 30 seconds from for 0 minute. The value of a table is the ozone 
processing time for removing a resist completely. In this table, it will be called a result better as the ozone 
processing time is short. As an alkali water solution, 20 cc and substrate quiescence time amount were 
performed for coverage the fixed condition for 1 minute. The amount of UV irradiation to a resist was made 
into 100 mJ/cm2. 

[0062] Four kinds of substrates are the substrate which applied the resist and was prebaked, the 

"GE" substrate with the resist after producing gate wiring, the "SD" substrate with the resist after 
producing source drain wiring, and the "CH" substrate with the resist after producing a contact hole 
process. After a poor substrate applies a positive type photoresist to the substrate (0.7mm thickness glass 
substrate) which defecated the front face by the spin coater, it is performing prebaking for 2 minutes at 
120 degrees C, and forms the resist film whose thickness is 1.2 micrometers as a processed material 
[0063] 
[Table 3] 
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[0064] It is not necessary to ozonize in a poor substrate and GE substrate, and only UV processing is 
possible for resist removal. However, neither SD substrate nor CH process substrate can carry out resist 
removal only of the UV in processing. It is necessary to carry out ozone + ultraviolet-rays (UV) processing 
to resist removal of all processes. 

[0065] Processing conditions were changed and evaluated to four kinds of substrates of a different 
process as shown in the examples 4-7 of the example 1 of a comparison - 8 above. After processing only 
for ozone to the resist on a substrate, the result which carried out resist removal in the alkali water 
solution is shown in Table 4. After processing only by UV to the resist on a substrate, the result which 
carried out resist removal in the alkali water solution is shown in Table 5. In processing only for ozone, the 
ozone processing time was performed in the parameter and it experimented by changing the ozone 
processing time on a total of 1 1 conditions of a for [ 5 minutes ] every 30 seconds from for 0 minute. The 
value of Table 4 is the ozone processing time for removing a resist completely. In this table, it will be called 
a result better as the ozone processing time is short. In addition, the result of Table 5 at the time of 
irradiating only a UV made the time of a resist being completely removable as O, and made x the time when 
it was not able to do. As an alkali water solution, 20 cc and substrate quiescence time amount were 
performed for coverage the fixed condition for 1 minute. The amount of UV irradiation to a resist was made 
into 100 mJ/cm2 </SUP>. 
[0066] 
[Table 4] 
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[Table 5] 
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[0067] In processing of only ozone, the above-mentioned table 4 shows having brought a bad result (the 
ozone processing time being long) in all substrates as compared with ozonization +UV processing (Table 3). 
Moreover, Table 5 shows that neither SD substrate nor CH process substrate can carry out resist removal 
in processing of only UV. . 

[0068] Next, the result of examples 4-7 and the examples 1-8 of a comparison is summarized, three kinds 
of comparisons of processing of only ozonization +UV processing and ozone only by UV — carrying out 
(Table 3. Table 4. Table 5) — it was a result (the ozone processing time is short) with the most sufficient 
ozonization +UV processing. However, it is not necessary to ozonize in a poor substrate and GE substrate, 
and only UV processing is possible for resist removal. However, neither SD substrate nor CH process 
substrate can carry out resist removal only of the UV in processing. In processing only for ozone, it was a 
bad result (the ozone processing time is long) in ail substrates as compared with ozonization^UV 
processing. 

[0069] It is the resist removal approach that resist removal is possible and the thing with the quickest 
resist exfoliation rate includes ozonization +UV processing, i.e., the ozone gassing process and ultraviolet- 
rays down stream processing of this invention, in the three above-mentioned condition to all substrates by 
this. 

[0070] Evaluation at the time of using water instead of an alkali water solution was performed as the 
examples 9-20 of a comparison, next a penetrant remover. Four kinds of substrates with which the detailed 
pattern production processes for LCD differ were used. The result of having removed the resist for the 
result of having removed the resist for the result of having removed the resist with water after the ozone + 
(ultraviolet-rays UV) processing to the resist on a substrate, with water in Table 6 again after processing 
only for ozone, with water further to Table 7 after processing only by UV is shown in Table 8. In addition, 
the ozone processing time was performed in the parameter in this case, and it experimented by changing 
the ozone processing time on a total of 1 1 conditions of a for [ 5 minutes ] every 30 seconds from for 0 
minute. The value of a table is the ozone processing time for removing a resist completely. In this table, it 
will be called a result better as the ozone processing time is short. The amount of UV irradiation to a resist 
was made into 100 mJ/cm2. 
[0071] 
[Table 6] 
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[0072] 
[Table 7] 



. jP.2002-231696A [DETAILED DESCRIPTION] 10/12 ^—i> 



a? 







*\;> 


immi 

3 


^ft 


4^m 


4 


GE 


2»m 


tmmi 

5 


SD 




6 


CH 




[0073] 

[Table 8] 
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[0074] As mentioned above, when water is used for washing, if only ozonization +UV processing and ozone 
compare processing only by UV, by ozonization +UV processing and processing only for ozone, at all, they 
are the same result (ozone processing time), and the effectiveness of UV processing has not come out of 
them. Moreover, only a UV can carry out resist removal in no substrates in processing. 
[0075] The result of examples 4-7 and the examples 1-20 of a comparison is summarized. When the 
comparison at the time of using the case where an alkali water solution is used for washing, and water was 
performed, the direction at the time of using an alkali water solution on all conditions was good. This is for 
a resist to change with ozone or UV irradiation to a carboxylic acid finally, and when an alkali water solution 
is used, it is for a resist removal rate to improve by acid-base neutralization (salt generation), when the 
dissolution rate of a product increases. 

[0076] An example 8, next the resist removal nature of a substrate (silicon wafer) which used the 
chemistry magnification mold resist also in the resist for semi-conductors were evaluated. As a chemistry 
magnification mold resist. 30% of the OH radical of polyhydroxy Indanthrene used what consisted of base 
resinous principle 95wt% [ which was protected by the tert-butoxy radical ]. and acid generator component 
5wt%. The contact hole (CH) process which is one of the detailed pattern production processes for 
producing 64MDRAM (minimum line width of 0.18 micrometers) was formed using this chemistry 
magnification type resist. It can be said that CH process has the hole of a hole very as small as about 0.18 
micrometers, the area in which the resist remains on the substrate since it is not numerous is very large, 
and most substrates are covered by the resist. 

[0077] Moreover, the substrate of CH process goes via RIE of a chlorine system, or an about 150-degree 
C BEKU process, has constructed the bridge and deteriorated as a resist, and is one of the processes that 
resist removal is the most difficult. At this time, the resist was performing 1 20 degrees C of prebaking for 2 
minutes, after applying to the silicon wafer which defecated the front face by the spin coater, and 
thickness was 1 micrometer as a processed material. In order to change an acid generator into an acid 
beforehand about the UV irradiation processing to a chemistry magnification mold resist, it carried out 
before a series of ozonization. 

[0078] This substrate was divided into lOOmmxlOOmm magnitude, next far ultraviolet rays centering on KrF 
(248nm) were irradiated from the ultraviolet ray lamp 20 (UV irradiation process). As an amount of UV 
irradiation, resist sensibility is 10 mJ/cm2 and irradiated 20 mJ/cm2 of the amount of 2 double. A resist is 
heated to necessary temperature, for example, 100 degrees C, to coincidence or a degree (heating down 
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stream processing). 

[0079] The resist (film) was turned upward, and it installed on the monotonous heater 4 in the processing 
room 1 . and was made to heat to 70 degrees C in drawing 1 . After heating airpipe 8b, airpipe 8c, and a 
header to 90 degrees C and each temperature s being stabilized, they supplied the ozone gas (ozone level: 
200g/Nm3) which was made to pass through the inside of the pure water heated at 90 degrees C. and was 
humidified with the humidifier 7 at the rate of 3 L/min. The humidity in this ozone gas was adjusted so that 
it might become the saturated steam concentration in 90 degrees C, and it was given to the substrate 2 for 
2 minutes (ozone gassing process). 

[0080] Then, 20 cc of alkali water solutions was applied to the whole substrate, the substrate 2 was stood 
still for 1 minute (alkali water-solution down stream processing), and 55-degree C pure water was further 
supplied to the substrate 2 by the flow rate of 3 L/min after that (washing down stream processing). When 
the substrate processed as mentioned above was observed with the optical microscope, the resist (film) 
was not able to remain on the substrate but was able to remove the resist completely. 
[0081] As an example 21 of example of comparison 21 comparison, water was used for washing of an 
example 8 instead of the alkali water solution. In this case, although resist removal is carried out, 
ozonization was required for 4 minutes. 

[0082] Resist removal nature was evaluated except CH process about the other processes that the 
chemistry magnification mold resist is used, among the example 9. next the process which forms 
64MDRAM. As a chemistry magnification mold resist, it is the same resist as an example 8. About UV 
irradiation processing, it carried out before a series of ozonization. Although the approach of evaluation 
was the same as the example 8, the ozone processing time was a value which changes with each 
processes. Consequently, also when a chemistry magnification mold resist was used as a resist, the same 
result as the resist for LCD was obtained, and the resist was completely removed by ozonization +UV 
processing and subsequent alkali water-solution processing to what went via all processes. 
[0083] The gestalt 2 of gestalt 2. implementation of operation is the configuration of the resist stripper of 
large-sized substrates with comparatively big substrate size, such as a 8 inches silicon wafer, as the actual 
substrate for LCD, or a substrate for semi-conductors to the gestalt 1 of the above-mentioned 
implementation having been aimed at resist removal of the comparatively small substrate 2. Hereafter, this 
is explained based on drawing 5 . The conceptual diagram in which drawing 5 shows the configuration of a 
resist stripper, and drawing 6 are the enlarged drawings of a black light. 

[0084] The Rhine field where the heating means which is not illustrated was equipped as ultraviolet-rays 
down stream processing in drawing 5 , and the ultraviolet ray lamp 20 as a UV irradiation means was 
equipped, and 51 a sign 50 as heating down stream processing The Rhine field where the heating apparatus 
which is not illustrated was equipped, and 52 as an ozone gassing process The Rhine field where the 
header 56 which constitutes an ozone supply means was equipped, the Rhine field where, as for 53, alkali 
water-solution down stream processing and washing down stream processing are performed, and 54 are 
the Rhine fields where the desiccation means which is not illustrated was equipped as desiccation down 
stream processing, the Rhine top of a single string [ substrate / 2 / from which a resist is removed ] from 
the Rhine field 50 of ultraviolet-rays down stream processing to the Rhine field 54 of desiccation down 
stream processing — the roller 55 as a conveyance means — an one direction (from Hidari of drawing to 
the right) — being conveyed continuously, it is processed and goes. 

[0085] Since the contents of processing in each above-mentioned process are the same as the contents 
of processing of the ****ing process which was explained in the gestalt 1 of the above-mentioned 
implementation, a different point is explained below. In addition, the same sign as a gestalt 1 and the same 
vocabulary of the above-mentioned implementation are the same contents. First, in ultraviolet-rays down 
stream processing (50). although the requirements exposure of the ultraviolet rays is carried out at a 
substrate 2. the dose is made into sensibility twice the dose of a resist here. Next, it is heated to 
temperature predetermined by heating down stream processing (51). Next, in an ozone gassing process 
(52). the header 56 with the die length which the header 56 equipped here ** so to two pieces of the 
conveyance direction of a substrate 2 and the lay length to which it goes direct, i.e., a substrate, is 
arranged, and ozone gas is injected by the resist of a substrate 2 from this header 6. 
[0086] Next, in alkali water-solution down stream processing and washing down stream processing (53). 
after 1 00 cc of alkali water solutions is applied to the resist of a substrate 2 by actuation of a pump 1 9 
from a tank 18 and making the substrate [ being applied ] 2 stand it still for 1 minute, pure water is supplied 
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from the washing means which is not illustrated, and the front face of a substrate 2 is washed (rinse). 
Finally, in desiccation down stream processing (54), the washed substrate 2 is dried for the front face by 
supply of nitrogen gas. 

[0087] In addition, opening of the above-mentioned header 56 is good to constitute using the nozzle of the 
shape for example, of a slit, or the nozzle which vacated many minute holes. Moreover, the range of 0.1- 
1 mm is suitable for the aperture width of a slit-like nozzle in this case. On the other hand, in the case of 
the nozzle which vacated many holes, it is desirable to put many holes with a diameter of 0.1 -1mm in order 
below at 10mm spacing. 

[0088] According to the gestalt 2 of this operation, it is especially effective in resist removal processing of 
large-sized substrates, such as LCD. Of course, resist removal down stream processing can be 
continuously performed efficiently irrespective of the size of a substrate. 

[0089] As a result of the resist stripper of the gestalt 2 of this operation estimating, the resist of a 
substrate 2 was completely removable over the whole surface of a substrate 2 also about the resist for 
semi-conductors also about the resist for LCD. 

[0090] in addition — as the configuration installed after these processes like the gestalt 1 of the above- 
mentioned implementation although ultraviolet-rays down stream processing (50) was installed before 
heating down stream processing (51) and an ozone gassing process (52) with the gestalt 2 of this operation 
— it can also have — it is good. The resist of a substrate 2 was completely removable, as a result of the 
resist stripper by this configuration estimating over the whole surface of a substrate 2 like the above also 
about the resist for semi-conductors also about the resist for LCD. 
[0091] 

[Effect of the Invention] According to invention of claim 1 thru/or claim 8. all can remove the resist of a 
substrate efficiently by performing alkali water-solution processing at high speed, after performing ozone 
gassing and ultraviolet treatment to the resist on a substrate. And to the resist which went via dry etching 
or a hot BEKU process, a resist is efficiently removable [ using environment-friendly ozone / in the resist 
removal approach using an alkali water solution / at high speed ] after UV irradiation from the first also to 
the substrate which went via all processes. 

[0092] According to claim 2 and claim 6, ozone gas can be efficiently contacted to a resist and the 
efficiency of the operation to the resist component by the oxidation of ozone can be made to increase. 
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20 67 0 7^4i#8-C«. US^X htCSjt^. ^ItffitC 

20 tlXK^i>, 
[0015) 

\mMimik\^^')t.-t^w^^ ±ie©. i$pa¥i i - 

2 1 9 9 2 6^4i«-?>i|t^^5 - 1 5 2 2 7 Q^^VC 

igin3nrt>s»S©uyxh^*7??*r«. 
{c:i-v^>*!isjg©^uSlM*iJBfiSsnr. :i-y>©tet& 

<ta*£$n-cu^. vtf^vui)ih. cii.h^m^mi.>x 
fc. esK-?'*fla©ui?:^ hjani^jgt ( i o e^j^) 

30 us^xF^*jifi*si/5gST. ^f^tcatiitiopg 

[ 0 0 1 6 ) X. 1 -23372 8 -^^IRtCgaji^ 

2 5 4 n m©t.©*:tv'^>(CMS4T-5Ci{Cj:o-C, :t 

•sfc©©. m&^m^.^fci><Dictm.-tiv,t^ loo'ctt 

T© {£S P -b ;^ K fe C i T 4C ill » . 
[00 1 7) X. «Fia¥l 1 - 1 768 1 2^««:P3 

40 iF3nri^.5SS©Ui^;^ h^*:^&r-». ui>xhA5 
4^'; j'^ju^df i"j fcr^;i'rji'=i-^i'j?:© 
76Mti«:<ti3^tft^Bf^-5 3'-^:;^©u-^x KciS5c^n 

i^^Mui^x h*nit3f 1 0 o%fflc>iE>nri»2)/c«i), c© 

^lf'N©]gffltt»L/U. 

[ 0 0 1 8 ) X. ^WH2 000-20670 7-^4>fRt? 

50 gg7n3n-ri,»-5®«©ut^:^ n**:eft-c«. us^xh 
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[0019] ±fB<OJ: ^/j:ii£*®erri5©iiPp1 

[0020] 

•r ^ + :</x ftiiaxgi , Btftess© V h cc^sii^ 

^i-rSSIi4l8»ax?ii. B?ISU-:xXKCT;l'*7y7K 
^*)!feL-C^*-r€>Til'* 'J7k^jS«^XS<b?:^t? 

[002 1] fS*«2 ©ffeWti. 1 {CffitEiOSiSt 

[0022] 3 <D^?8«. 1 juimim 2 

[0023] i«*«4 or)^?g». it^^ 1 7!lM^*]13 
[0 024] i*jJc^5©U^X h^*^g<D^?B». S 

mMzm^<Di^iyx[-icm9\-m^msi-r^mnmmm 40 

[0025] «3}<:31 6 (D^mt. 5 tClBtg© U iy 

[0026] if 7 <D^H^«, m^m 5 X«fg^^ 6 
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10 0 2 7] n^aamma. n^mb nmm^ 7 

[0028] 

mm<Dmm(r)mm] mM<Dmm 1 . lus©?^.^ 1 <d v 

i^Xh^Si^g«. ^k;^^/>*'X>S^Sg•r 
fc$^S-C*-5. JilT. 017!)Sia4«:S-:>t»-CCn«rl» 
m 2 »SvS{ fc* ^®^fiS=&^i^-rfl^S . m 3 liSIJ^^M 

[0 0 2 9 ] S 1 (CfcC^-C. H^JCt^^l tJUi^X 

is$nfcs«2t*. caym^m^WLm^ixfcmm.^ 

3±C<:@S$n-5. C©Jg«ll-C». ^K»^3±{cg 
W6nfcttl«l#m<t U-C©5F«t-^f 4©±{c««2;&i 

essns. s«2®ui>xhtt. c©¥igt-a?4{c 
[0 0 3 0] ;^«:. 4r-J'^tj:^mk^^^nm-n. ^ 

V>;»7Xm*&^^«. *?iS*tm<t/5:-5S«2©Ui^X h 

T. C©XS*3fy>jtfX*!yiXgtt»^. C©JB^1 
©^ «. 'e©:*:»*i*!iBI^ 1 ©JI-tCgB 

g^n-cfco. :tv>if:^<Dmti^MmLx. si§2© 
SS2©±:^K:{4g-r^<J:-5iBi9:3n-cciS. ±iB©-^ 

tlS. felT. C©X?i^:«-V">:yxMaXg<i:t,>'5. 
[003 1 ] C©'^.-^ ^'5*>6i@S3*i^):*^V>**X 
». ^©S?S<k*e7«:J:«3. ^^*iJ)P;i e>nt:M?s 
^t5n/c5i:a©?sjs*f*''j:o-ctiS. 02{cfc(,ir. s 

-lU 1 7 «:An/c*&a?S 1 6 tt>lC*-y>;^'X5:jim-r^« 
fi£©-£>©?&ffll,»r*J»). 0in©i^-Ctt. J&ilSEl 6«r^ 
Sii(±«:tti?a-r-s>/c8?)©t-i? 1 s^mrteO, 

[0032] mxm 1 tcfcc^-c. 
«iaism«:ts!i-t6nfc±a©'^-y^^5^iaiisi 



(5) 
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8c.cn i^>m^'S 8b. 8 c ffi-C<DmM<DWS^m± 

■t i tcit>mmkM.m 8 b . 8 c ic^m sntcj t - 

[ 0 0 3 3 ] X. m'p<m^^ 1 2 v^>3</x*i8ras 
1 *^ ^pm-r ^ /cJ?)<Dgrm«. 1 3 « ^ -y > cDgf» lo 
a5:ia^•r-5/<l^^)<D>'^v^p^. 1 4 «stm^ i 2<iD^isK: 

C 0 0 3 4 ] ^XtC. m 3RO-|a4 {C*it»-C. SHil-IIMW 
*©*Si?«-r^. ^J1-iSM«#©». mWL2<D\yl>:x.h 

i^g©rtSI5Cc, Sli^SMS*^eiLr©§gi1-i^^>:?'2 

st^. ?iiii-SMSt«©ftm€>oitET'*-5. ijois. m9^m. 
■r. ®a©siii-^ffeSi^s*fflc>ntf iss. «js© 
m^amm^^t ox<Dm9m^>^2 o ^bbsu/c^ 30 

[0035] ^^{C, r^b:*? ';7k?§?Ki!iffi^®*|!iB^-r 

r;i'*';*^i5s#©«. ±fa©:i-v>:*f;^iaa 
m i $^^m!:mj:m t^i^xmms ntcm^ 2 © u i> 

fe(T. C©XS=&T^I/*';*«gj8iA!iSXS<!:l»^. 

C ©Jg,^ 1 ©T^b* V *f§^S^|g«. 0^n©<t ^> 

r;i'*';7K^i'>i' 1 8iT^i'*'j*^^i^o 
«:|»fiXsnri>^, 40 

[0036] ;xcc. gt?^#e€:ift?8-r.5. m^^mt, 

TJVij'J Ti^imm&JMic <fc -:> r 2 © u i?:^; KcM 

^n/cT^t-^'j^^/ffi^rT-r-c-^e-c^-s. wt. C© 

^> CC . as 2 * j5t?t r ^> fc«6©*4* ^ > 1 0 -?>Sti^* 
€rj|lifc«f)©:J<>:r 1 

(0037] ^xcc, sis©ui>x h^*:^ra (jasii 
m) «:ot,ir. i^^-rs, 5t-r. Jrai^.^igtox©^® 
t-5f4{cj:-:>t:«ffi2©ui^>^ h?:3fs©iaa[*-c»n 
i^-rs (Jrasiisaxg) . us. c©xgcc*5(,»t:«. ^ 50 
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«). sm^ie7iur©ft]?as©5!igi?gi 6^*^/> 

[0038] iXtc. Stg2 ©u-:;^;?^ h*J±fs©tti^a 
xiiecj:-,-cgfSiaffitc^^L,/c^. 

2©u>>x htcifls-r-s (:i-v^>*':^iaiaxii) . cc 

*t/>*'X©SS«. 1 6©tgg(C*JW^ia 

fiM5iffl^*ssa-c* *) . fmm 1 e ©se*^fb3 # 

t-C:*-v^>*'xtc|Bi^$-its^.mfiBP%iSS*ssi|fp 
B#P^©^M^-i±5>£:<t«:j:-3t:. h©gS^>di^j» 

3ni»©*^-5-c. :ti/>;wx©e«&?:f?±-r-s. 

[0 0 39] »«2**Jia^l *>6S(«3WLr. 

S^i1-iKMS*§^S (03. 04) cc«;t,. ^fe^grttcfc 
«.»-c. S«2«:«ur*ni^-r4«:<!:fcplj56&5il^^iSJ®S* 

2©us;x h©fiJE»*iT^u*'j7k^?SK:ni^gK:)6c4* 

t?. 5^n«*M«fr-s (Si^i'tSAiiaxg) . c©^^is 
j?iaxg*iK^/c»«2tt. Hex. itts^itcgisn 

[0 04 0] ;x«c. MSMncKsnrse2. c©^ 

-C»^fc-$4©±K:@SSnfc»S2{C. T^I/^V 

P>TJU*';*Sg?S43MffiS8a^/M^r. m^S^rSS 

[004 1 ] i5tJ#^^e«r«^fi)^■r■6^^<>::^l 1 4» 

{■^S-tir. «7ki?>^' 1 0*>e>«**«jAi^ S«2^ 

[0042] Mimic, lasi^ei i^x©^^*-xe«ss5 

mm.miR2(omm^^^K.nmsi±i (^j»«Hffix 
. 

[0043] £(±©^Xg*^-C. a«2 © Ui?X h *i 

^ssn^.. i^a. c<omw.2<Duv>x\-mi::f}mcj:i> 
*5axg-c«. 5tcc^y>*-xi&axii*tf^fcmsjl 

[0044];X«C. l'iyX\-t:tV> (;1-V^>/7X) . 
SJWf'ffflfCOlirW^-rS. $fe-r. Ui?X h<!::t'/>i 

©Sii&tS^^tcoi^rgiqg-rs, uyx 

^SSK©(g»-?-S©t«i.^S-C^^3-t±M-:>;t>^l.;J? 
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[0 0 4 5] -^Xic. l':^:^biim9mt<D^icMmiC'0 

Ui^X h^ft:AST;l'*y*^jg{CoI^<bi''j:-5. i^. Ui? 10 
[0 04 6] Oj&iU. C®1S^. r;l/*"J**g«©f^*> 

tfc$5&^»^«©:^ # nc * >i/jj<>K©/cfe^»?-c * ft I » 

<»:i,i'5 2fi&©ffi4{Cj:^. 

[0047] mm^ni>m9ywL<r>m&ii: ui^:^ f ©«g 

( 4 3 6 n m) =£tJJ'DK:^at-r -SffiliTkSK^ >:?*?r^ffl 
-r-5. ffeTj. Ui^^ Vifi i iSCcSi7feUr»^-r-5«^ft 
e>«. i H ( 3 6 5 n m) *i»»'Dtca^^ilg)E*SR^ 

[0 04 8]^JiCCC. Ui?;:^ h*Sx+ix-rU-1fflBUi?X 

h©*i^«:-o(,»ri»i9-r«. x+i^-^u— tfffluspx h 

i1«KrF (248nm). ArF(193nm). F 

, ( 1 5 7 nm) ^^U^X htcMSi-T-S, CWMWC 30 
J:o-C. US^X hiC^Sti^,fiS^©M^^S'J*^6gSA5|^ 
Mic. Ui^x F>&ttl^-r2»Ci(CJ:0. C©K*i 
us>;^ hert*ll£IS!U. -^-x^flgO^^ftliflS ( t e 
r t -:/h+'>*;U*x;l.S^) ^rT^l-* VTki^^tCDj 

[0049] -XIC, C<DmW<Dmm l ©J: ^ CC. TJl'* 40 

SO/cuyxf-^j!)5#?i-r2>. c©J:^ftus;'x hit, 
7C'?©L'-:^X hicibfj^LT. Ui^xhAiSStg, @{bb-C 
'<-x^Bta#*5iii^^fi^bLrl»^,/c^6, S^Ji-ISMW 
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r>r. •<-x^iig©iij5(4W»TU. ui?xh©^S4 

[0050] ;^{c. ftftWftJUfiCaitca^tit:. c©JI 
J5s©}g,^i =&i5iiB-r4. 

K?>/c*©3>^i' h+>-;L' (CH) Xfi*?B^U/c?g 

©Sig©u-:;>x n^^^rtf -5. c©CHXfi«. 

SS*iC^<i:^i'^i^x h-cst>nt:t>sic»^ 
X. cHig©»«tt. ie^^®R I E-?>i sox: 

?ig©--c-i;X?l^lSSOrti«3, Ui^XhiUrii?!? 

©1 o-C*-5. 
[0 05 1 ] C©Ut>Xh<bbTti, 

mi- y X h *5;*cgi5^-cffira 5 nr 4b D . C ©^-c t # 

ttl. 2Mm-C*o/c. C:©CHXS©a«?:l OOm 
mx 1 0 0 mm©:;^#S{cf!l«3 . la 1 (cfct^r, Ui^x 
hM*±iSj#K: LTjHg^ 1 i^©^t-4f 4©±«:ia 

g L . 7 0 -c* xmm 3 1* /c c»D?a®axg), 

[005 2] ffe:^, iHm-gS b . c RZf-^'j ^ 

5ti9 0'c*t?^i{)ttji^3ii-c*s#. ^n-en©sa3ii 

9 0-CSSL//cg. 9 0-CK:Jnf»U/c*6*l3;S:jiaS-a- 

rjnss (sm^fa?) -cflnsb/c:tv^>;^/x 

>i^& ■■ 200g/Nm3) ^&3 L/m i n (OjM&vm 
$&U/c. C©*y>:</X©aS«9 0"ac*>W2>S«I^ 

X 2 2 tC fpffl $ 1*/c (:*■ > **X«MX 

[0 05 3] ixtc, ss2**!ia^i j&i^as^oaiu-csii 

51-^fiBJ*^g (03. H4)SCi^L.. ^9^m'7>-:f20 
-Cem (4 3 6nm) ^rct^'C^fr ^.Sfeil-S^MI* Ufc 
(Sl^l^iBJftiffiX^) . C©tS^. U5^Xh*s. giS-t>i 

^ui^x h©j:'5ft^^^^e'^^i^su-::^x h©^ 
*)-:>C:rSC<b{cj:»). |5|B#{c%*r-5.3Si^S©SIJ1^M 

y'^^itS OW/cmV. ^>7"t»ffi2 i©^gl€r2 
7 cm(Cig^^^C<t{Cj:9. IS:Jt!SS* 2 0 mW/ c 
m'iUt:. S1S2(C5*!.faM84TSC<L-C. Ui^X h 
«:>PtT-5.MS^S5:l OOmJ/cm'iLfc. X. m9\^ 
S^MAtUtlt, Uixx hJ^K*i5 Om J/cm'-C 
^©21Sa*MI4U/c. 
[0054] iXtC. 5illJ1-^j!&8iXS**?AfcS«24. 



u 

^il/T>*-'>A-'>-Y KP:t+1^-/K (TMAH) 2. 
m) . -XiC. 3 L/m i n<Dmm-C5 5*C©M7k*S« 

[0 05 5] lli&9«2 
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i\:^mmiivmmLfc, ui^:^\'<Dmmmmiti. 2u 

cm't htc. 7)i^fJ 'J 7iii^m.<DmtBm^ 2 0 c c . S 
(0056] 

*io m 1 1 



) 


0 


0. 5 


1 


1. 5 


2 


2. 5 


3 


) 


1. 2 


1 


0. 5 


0. 2 


0 


0 


0 



y Tk^^oo^^s^ 2 0 c c . mmM±mf^^ i ^PbT 

[0058] ||jffe«^3 

^2 



20 X h ^ /ci#^« X <b b /c. U h (D^aaMilti 
1. 2/xmliigr. K-s<DSIi1^]a5SSt««l 0 0 

m J /c m'^^)^o 
[0059] 
[^2] 



^'it'A U^ft (c c) 
K {^®) 


0 


0. 5 


1 


1. 5 


1 0 


X 


X 


X 


X 


2 0 


X 


X 


O 


O 


50 


X 


O 


O 


O 



[ 0 0 6 0 ] r;u:^7 U7k;^^g«S«^^*^S^/c^?)tcs 

[0 06 1 ] mmmA--i 

LCDM<7>®lffl^^•^->i^^fi(Dcpr^ M>:c-2> 

;<FCC. :tV'>+Sli1-^ <UV) ^jajl 

-^tCtfC^ 0 5>rBl?J>^6 3 0#SCC5 5JrHl^-CCDit 1 1 

^="0^0/^ U 5^;^ h -v©Sli1'8»BS*S« 1 0 0 m J / 



[006 2] 4^<Dmmt. Ui^Xh^^fli. 
<DUt>X ho^<D rcE J S®. y->^ FU-f >iES«: 

r^^p --</cS««, «S^mi*{fcL/ca« (0. 7m 

[0063] 
[^3] 
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^3 







;t\;>+uv 






u 


Iii60d5 


GE 






SD 






CH 


2»m 



[0064] '</c»«. GES««:*Jt,>t:{J*V">*!ia 
[0 06 5}J:h^l-8 

0 ipmic 5 ^PbI s -r ©it 1 1 ^^-ct v>mmmNi^^ 

v>mmmi>mi-^tnm^m fMc^ismt c» ^ c i tc 
i^a. uv(oitfm.mutcm^<Dmb (Dimmit, us^ 

i1-SMStfi«l 0 0mJ/cm'4L.fc. 
[0 06 6] 
1^4] 

^ 

















GE 


1. 5:5^® 




SD 


1. 5i9^S 


itfS0y4 


CH 










uv 




^tc 


o 




GE 


o 




SD 


X 




CH 


X 
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2f-v^>Ma+uvi2ia (^3) ccjt^u. •r-<^rc[) 
[0 06 8 1 ;*ccc. mmmA^iisLZf\mm\--s(of^ 

5) <b. :t^/>«ia+UVjag|)!>ss4>^ciKm (:*-v^> 
h^^«pItg"C*^o X^tf^l^Uifih. BOSS 

[0 06 9] cti(tcj:r>x. t'-^rcoascc^tur ut? 

[0 0 7 01 J:tSi[C?ll9^2 0 

cc. ^y>+aili1'« (UV) ftiSf^cc/K-rue^x 
^m^^h 3 0»mc 5^ra$T'<Dtt 1 1 ^f^x:tv:^m 

±(>cmi:'r^fc^^(Dytv>m^mmx$>^. cc7)^tc4o 

J/cm'£U/c. 
[007 11 
[^6] 



40 



1 mm 








4^m 



[00721 
[^71 



[00671 ±ie<D^4 <fc ») . ^ Vy(D^<0!im(Om^ 50 



15 

^7 









immi 

3 


'^^^ 




4 


GE 




5 


SD 




6 


CH 




3] 

^8 




mR 


uv 


7 




X 


8 


GE 


X 


9 


SD 


X 


0 


CH 





[0 074] ifficDj: ^fc, ^mc?K^m^^tcm^. ^ 
mmv{t±<mcmm i^v>mmmm t^d. uv 

[0075] *ife«4-'7Sy^J:bK«9 1-2 OOfe*^ 

^fljjac (m^fiR) cc<i:o. 3£^«B!<D«s»iis*5*fj[ra-r 
[0 07 6] mmms 

U>(0OHS(D3 0%;Jr$t e r t 
n/c-^-Xi|}fl§fiS^9 5 w t SO'MJ^5fe^M5}5 w 

>^ hifflC^ 6 4MDRAM (S/jN*g*iO. 18wm) 

>^^h^-;l/ (CH) Xli^ff^^L/Co CHXHtJ^t^ 
-;ucD7\?&5 0 . 1 8 *i m^gch^f < . Si < 
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[ 0 0 7 7 1 X. c HJMommt. ^m^<oR i e-?> 

1 5 0-CfiScD-<-:5'Xli^giL-C4oD. h <h 

'^sot^jO. h^**5ili/C> 
/c^s. :/y-<-^^ 1 2 o'c. 253'rBW^c<hr\ ngj^i 

[0078] CCDSfi* 1 0 0 mmx l 0 0 mm(Oi^^ 
:XtC. SIJ1-II^>:7*2 0J:OK r F (2 4 8 

nm) ^^^L^t'ti>'A%9^m^mmhfc {^^UmMJi 

m) o m9\^mmmmtLx{t. u>^y; fss^om omj 

/cm^-C^O. ^<D2fgfiCD2 Om J/cm'^MWU 
/Co [^^^C^«^>CtC U5^;:^ f^^SCDjaSmrt. 10 

[ 0 0 7 9 ] 0 1 K:;feCir , uy;^ h (M) ^±i6i#cc 

UT^a^mc[>^«fc-^4(DJi&C^U. 7 0-Ci 

>:^fx (:t-v^>riga: 20 0&/Nm3) ^3L/m i 

•etc *5C:r ^ SlO^^iiacc rj:^^^l,cimLX2 ^falS 
«2K:JSL/c (:t*/>:^7X«iSXg) . 
[0 08 0] ^(Om. TJl^tf »; 2 0 

cc^^L. l^raS«2^#±L (T;l':^U*;^«i 
axg) . SgtC. -e<Dg^3 L/m i ntOiSa-CB 5 'CO 
30 ***^S^20cm*&L/cca?^®SXIi) o t^itDJ:^ 

h (M) ^SSitc^oTij^-r. ^^JcU'i/;aLh:gr|^ 

[0 08 1 ] J:bg?W2 1 
J:be!W2 1 iOr. llife{?ll8<DSt^^rJU:^';*^<D 

[0 08 2] S|]teFll9 
ycCC. 6 4MDRAM^?Kfi£^-SXfl<D^^. CHXS 

/Co wm(Dyym^t. mmms^zmcx'$>^f)^^ ^v>*?i 

S^Pa«^n^ti(DXIiCcj:->r^/j::5«i"C*o/c. c 
(Dmrn. hi L-c^b^ttfiSue^x h^fflc^/ci^ 

U^Xh«*6«5)^X^?:Sri&L//cfe<DCC*tl/. ^^tC 
50 m^^tlfc. 
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[008 3] mm<omm2 . mM<Dmm2 ±Mmm 

r 8 >f > ^ <D 3 > X/ N^(Dtb$56^SS-!f ^ XCD A 

[00841 05 {cfci^r , 5 0 «SI^SAaaXS 

immmi^mm^tifc^^:^m.m. b2{^:tv:ytf:^m 

^ffiStl/c^ >miS. 5 3 ktTJViy U^SgMSajiXfl 

5i««!iaxg<3o^ 5 0 hnmimj:m<o^ ^ 

>Mi^5 4^T'(D— jaiCD^^^i^. Seil^^©<b UrcD 20 

p - ^ 5 5 J: ->r— c0<?>2c^^^^^c ) iiJi^Kk: 

[0 08 5] ±i^<D^jM(rc:ioirf^mm^mt. ±nEm 
mmx$>^(Dx. ^m'r^!^.^:^X(fcmmr^o t^. ±iB 

-So S^^^ffiX^ (5 0) cc:ba>r. ccx 

»p^.MSr^ (5 1) xmm(ou&^xmm^ti so 
^« ;X&c. :t^/>;^7XMSXIM (5 2) CCfca^r. cc 

?f"r^:^r^cDS$. fiiii^s®cD2ii@«:-e5^'r€>;g$^ 
[0 086] T;i/;t? VTHmmuMxmt&ti^ii&m 

JM (5 3) &c4sCir. 9<D<^S6Cci:D ar>^ 

1 8:d^6r;l//7»;*;ga?l 00 c c:^>5SK2<DU>^X h 

(fcmpfu^ti. Mflj^n/c^if<DS^2^i^rHiff±5i± 

m^mum (5 4) ^cfci^r. i5fc^sn/cSS2 3&s^m 
[ 0 0 8 7 ] r^. ±ia<7)-^ ^5 6 (omamt. m 

ht*C>^X;KDgaPti(3:0. 1 1 mni<5[)t5H?&^ii^'C* 

1 I m m(07Z^ 1 0 mmPBlPil«T-C^»3fe-<-5 C <b;&S 
SI* LCi« 50 



12 002-231696 
18 

[0 08 81 c(omm<mm2(^^ti{t. #cclcd^ 
[0 0891 c(Dmm(Dmm2<Duzy::^ hm^mmxw 

/c o T^^CC^55-r C i i)^X # /Co 
[0 09 01 ^a. C<D^<DJB!S2-C«. JOM^affiTsg 
(51) y >;^'X*n]gXfi (52) oOmF^S^^I'^i^i 

mum (5 0) xtsHisoD^si t 

mm^c. ctih(Dxm<Dii(fcmmufcinm^iyXhxi> 

^^fflutPy; htcHor*>. ±ia<hig«itc. ss2(D^ 
m(tct:>tc-ox%±f,cm^'r^cti!)ix^fc. 

[0 0 9 1 1 

[^BjcDxiiSr] if*iii7!)MI#*^8<^)^?BCc<fcn«. 

[0 0 9 2] m^m2]SLam>^me(^j;:riiit. :tv>tf 
'trWt^mx$>^^ 

[H 2 1 ieif6<D0,® 1 (Dumit^®.(Dm^^mrwi^ 
[0 31 mmmm i cD§iii^igMS*^sa)iE®0r ^ 
[041 iisg(D»$fig 1 (omi^mmmmm<Dmmmx$> 

[05] 2 (D U t>X h 

[0 6 ] m9\'mmMmm<DW:i^mx$>^o 

[07 1 i^©^gCD«^*7n'r®[i^-C&^« 

[0 8 1 m^(Dm(Dmm(Dmjs,^^'irmtMx^^. 
1 Ms^. 2 mm. 3 ss^. 4 ^st--^ 

COn^^^S). 5 ^ ^'(:ty>;^'xm*&^®). 6 :f 

v^>Af;^%*S(=i-v^>;^'xea^*®), 7 flPSg (S 

fflft^®) . 1 0 «7ka?>^ (at^Ms^s) . 1 1 



(11) 



19 



0 mnmm^xmc'y -<>mm^. 51 ttn^sxfi* 



Itig 2002-231696 
20 

* (7 5 2 v^>*'>^j!iaxg(^ 

^«). 5 4 IgiSjffiSXS (^-/^^J^) . 5 5 a 
(tasi^K) .56 -N-^ir. 




m2) 



17 



16 




[03] 




20 



> D D e D 



[134] 



[05] 



-20 



' if- -r^f 




50 ^51 52' 2 53 53' 54 



me] 



[07] 



i03 



(12) 



?fig2002-23 1 696 




F^— 2H096 AA25 AA26 BA09 EA02 EAD6 
EA07 EA08 LA03 LA06 
5F0O4 AA09 BA19 CA27 DB26 EAIO 
EA34 

5F043 CCX4 DDIO CGIO 
5F046 m02 m03 mOA M\05 MWLO 
MAa3 MA17 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□^DED TEXT OR DRAWING 
□^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ ORAY SCALE DOCUMENTS 

t^LINES OR MARKS ON ORIGINAL DOCUMENT 

M REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



